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REFORMATE ASSISTED COMBUSTION 

The present invention relates to the production of 
hydrogen gas and the use of this gas as one component of a 
5 fuel in hydrogen assisted combustion. In particular the 
present invention relates to a method and apparatus for 
producing hydrogen or a hydrogen- containing gas together 
with other components, typically gaseous components, for 
use as a fuel, fuel component or in combination with a 
fuel for hydrogen assisted combustion in an engine. More 
particularly, the present invention relates to a method 
and apparatus of more efficiently producing a hydrogen- 
containing gas for use as a fuel or fuel additive, or in 
combination with a fuel for an engine, such as for 
example, as part of the air supply, or the fuel supply for 
an engine, particularly a combustion engine, such as a 
compression engine, including a diesel engine or similar. 
Even more particularly, the present invention relates to 
the use of a hydrogen generator, such as for example, a 
reformer for producing a reformate gas from heated steam 
or from heating fuels and air or other gases with steam, 
in which the reformate gas contains materials other than 
hydrogen, such as for example, oxygen, nitrogen, water 
vapour, carbon monoxide, carbon dioxide, carbon- containing 
materials or gases or the like, for use in combination 
with air as an additive to fuel for use in a compression 
engine, particularly an engine using hydrogen-assisted 
combustion, such as a diesel engine. 

The present invention finds particular application as 
a method and apparatus for producing a hydrogen -containing 
gaseous blend and a method of using the gaseous blend as a 
fuel component which is added to the air stream being 
introduced into a diesel engine for hydrogen- as sis ted 
combustion or reformate assisted combustion to promote 
more efficient combustion. within the engine thereby 
providing either an increase of power with the same amount 
of fuel or the same power with a reduced amount of fuel. 
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The method and apparatus of tha present invention alio™ 
hydrogen-containing gas to be produced more efficiently at 
lower cost, and when used as a fuel allowe the probes 

5 exZ 1 " iUl hydr ° g — ==mbustion. such a7for 
5 example, damaging pre-ignition or excessive cylinder 

pressures to be avoided, by being able to use a gas „bich 
contains other materials in addition to the hydrogen 
thereby obviating the previously used expensive 

10 ar o f Cati 7 T OCe£SeS that " era re * UiMd to almost 
10 all of non-hydrogen gas components from the material baino 

produced by the hydrogen generator, before it could be 

ZltZ^TT™ SUCh " — ^ -alytic 

treatments, fuel cells or similar. Thus, tha present 

invention enables less than pure hydrogen to be used in 
15 hydrogen assisted combustion. 

Although the present invention will be described with 

re fo^::: *° °" ^ ° £ * producing" 
reformate gas containing hydrogen together with other 

gaseous components and the use of this gas as a fuel 
20 component in diesel engines, it is to be noted that the 
present invention is not restricted in scope to the 
descried embodiment, but rather, the scope of the present 
invention is more extensive so as to include other means 
of producxn g hydrogen, the production of gases containing 
25 hydrogen other than the reformats gas, the use of various 
gaseous mixtures or blends in applications other than 
engines, and different embodiments of combining the fuel 
cedents together and introducing the various gaseous 
combinations into engines. gsseous 

30 T ^ kn ° Wn t0 hydr °^ «> e fuel additive in 

some types of engines, most notably internal combustion 
engines or similar engines, such as diesels. as part of 

hydroa " a/ ° r ^ »- «"« 

hydrogen is termed hydrogen- assisted combustion. However 

condulTr M th ° U3Q ° nly " lni " al have been 

assist r T rdln9 Vari ° US °* ^drogen- 

sssisted combustion in compression ignition engines, such 
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as for example, in diesel engines and the like. One 
reason for this is that there are a number of serious 
problems associated with hydrogen-assisted combustion 
generally, and with respect to diesel engines in 
particular. it was thought that if hydrogen gas could be 
added to the fuel system and/or air supply system of 
diesel engines, the presence of the hydrogen as part of 
the overall fuel composition would increase the power and 
efficiency of such engines by increasing the efficiency of 
combustion of the fuel in such engines, such as for 
example, by having increased burning efficiency to produce 
greater power or the like either for the same amount of 
fuel or by using additional fuel. However, introducing 
hydrogen as a significant component into the fuel 
composition has in the past resulted in damaging pre- 
xgnition and the development or build up of excessive 
cylinder pressure within the engine. 

Up until now, no one had thought of using a hydrogen 
gas blend or mixture and particularly no one had thought 
of using high volume reformers to produce hydrogen for 
introduction into the engine without purification because 
reformers of this type were developed in fuel cell 
technology and were not connected to inlets or other fuel 
air or the like inlets of diesel engines in order to 
reduce fuel consumption of the engines. Their primary use 
was to use the impure form of the gases to preheat engines 
and treat exhausts, but not to be used with air, as a fuel 
or a fuel component and certainly not for use in hydrogen- 
assisted combustion of an engine. 

Surprisingly, it has now been discovered that at 
least some compression engines are able to use a gas which 
is less pure in hydrogen content than previously thought 
possible which use results in increased combustion 
efficiency and/or increased power being developed by the 
35 engine. Also, in some cases, it has been discovered 

surprisingly that the exhaust emissions have improved as 
well. Therefore, rather than having to remove the 
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contaminating or impure components from the hydrogen 
produced by the hydrogen generator at high cost as was 
previously required, the present inventors have discovered 
that it is possible to be able to use other than pure 
hydrogen in the engines, that is, it is possible to use 
hydrogen combined with other components from the hydrogen 
generator as an additive to the fuel supply of diesel 
engines without there being any observable reduction in 
efficiency of operation or power generation of the engine 

Another problem of existing hydrogen-assisted 
combustion techniques is that various other components 
were required to be added to the hydrogen in order to 
overcome the problems of hydrogen- assisted combustion 
within an engine and also these other components needed to 
be added separately to the engine in order to control 
precisely the amounts of each individual component added 
to the fuel system. Thus, a separate feed or supply line 
to the engine was needed for each of the various 
components, such as for example, separate supply lines or 
feed lines for substantially pure hydrogen, water, air and 
fuel were required. Metering and controlling the 
introduction of predetermined amounts of each of these 
components required sophisticated monitoring equipment, 
sensors, injecting equipment and the like to ensure that 
the correct amounts and ratios of all of the components 
were introduced into the engine at all times, and that the 
various components were adequately mixed together in the 
correct proportions before their actual combustion within 
the engine. Thus, there was a degree of complexity 
associated with existing hydrogen -as sis ted combustion 
techniques and equipment owing to the separate 
introduction of the various components. Accordingly, 
there is a need to reduce the complexity of introducing 
separate materials in separate feed lines to the engine, 
and combining the materials in the correct ratios and in 
the correct manner prior to actual combustion. The 
present invention sets out to provide a method and 
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apparatus for having a single feed of a hydrogen gas, or 
hydrogen- containing gas, blend or mixture requiring a 
single feed line or input only. 

Therefore, it is an aim of the present invention to 
provide a method and apparatus for generating a hydrogen- 
containing gas in combination with other materials and a 
method and apparatus for using the hydrogen- containing gas 
as a fuel component in compression engines without the 
need to remove other unwanted components from the hydrogen 
gas prior to its use as the fuel. Further, it is another 
aim of the present invention to provide a method and 
apparatus that provides the correct amount and ratio of 
components in the gaseous blend or mixture by adjusting 
the operating conditions of the hydrogen gas mixture or 
15 blend generator. 

According to one aspect of the present invention, 
there is provided a method of using a hydrogen- containing 
gas as a fuel, a component of a fuel, a fuel additive or 
an additive to air for mixing with a fuel in a compression 
engine, in which the hydrogen- containing gas also contains 
other products from the hydrogen generation process used 
to generate the hydrogen gas, including the steps of 
producing the hydrogen- containing gas, blend or mix, 
introducing the gas, blend or mix to a compression engine 
25 as one component of the fuel, and combusting the fuel to 
produce power in the engine, wherein the relative amounts 
of the components of the gas blend or mixture including 
the amount of hydrogen and non-hydrogen components are 
selected in accordance with the requirements of hydrogen- 
assisted combustion of the engine. 

According to another aspect of the present invention, 
there is provided an apparatus for producing a hydrogen- 
containing gas blend or mix, comprising a hydrogen gas 
generator and a mixer, including the steps of producing 
hydrogen in combination with other materials using the 
hydrogen gas generator, wherein the hydrogen- containing 
gas, blend or mix includes hydrogen and the other 
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materials in which the relative amounts of the hydrogen 
and other materials are in predetermined amounts with 
respect to each other in accordance with the requirements 
of hydrogen-assisted combustion of the engine to which the 
gas, blend or mix is introduced and mixing the components 
in the mixer prior to combustion. 

According to another aspect of the present invention 
there is provided a method of operating a hydrogen 
generating apparatus to produce a hydrogen- containing gas 
blend or mixture comprising hydrogen and at least one 
other component suitable for use as a fuel, a fuel 
component, an additive for fuel or similar, including the 
steps of adjusting operating parameters of the hydrogen 
generating apparatus to provide a preselected composition 
of the gas blend or mixture in which the respective 
amounts of the hydrogen and other component or components 
are in accordance with requirements of an engine to which 
the gas blend or mixture is provided or supplied in order 
to facilitate hydrogen-assisted combustion of the engine 
thereby increasing the efficiency and/or performance of ' 
the engine. 

According to another aspect of the present invention, 
there is provided a fuel for hydrogen- assisted combustion 
xn an engine comprising hydrogen in combination with one 
or more other materials in which the relative amounts of 
the hydrogen to the other material or materials is 
selected in accordance with the requirements of the engine 
wherein the hydrogen Is produced by a hydrogen generator 
along with other components. 

According to another aspect of the present invention, 
there is provided a hydrogen- containing gas blend or mix 
containing one or more components in addition to hydrogen 
in which the relative amounts of the hydrogen to the other 
component or components is in accordance with the 
requirements for hydrogen-assisted combustion within an 
engine to which the gas blend or mix is introduced. 
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Typically, the hydrogen generator useful in the 
present invention generates hydrogen in combination with 
other materials. Typically, the hydrogen generator is an 
electrolysis apparatus, a fuel cell, a fuel processor, a 
reformer, a cold fusion apparatus or the like, and 
includes any apparatus for making hydrogen. 

Typically the fuel cell is a proton exchange fuel 
cell (PEMPC) , solid oxide fuel cell (SOPC) , an alkaline 
fuel cell (AFC) , direct methanol fuel cell (DMFC) , a 
molten carbonated fuel cell (MCFC) , phosphoric acid fuel 
cell (PAFC), or a regenerative fuel cell (RFC), or the 
like. More typically, the hydrogen generator is a reformer 
in which steam is used to heat a fuel as it passes over a 
catalyst. Typically, the fuel and steam are chemicallly 
15 cracked. The reformers generally reform a hydrocarbon 

fuel to hydrogen gas with the aid of steam. Typically, the 
hydrogen produced in the hydrogen generator, typically the 
fuel cell, is produced in combination with oxygen, 
nitrogen, water, ethanol, carbon dioxide, carbon monoxide, 
hydrocarbons, methanol, methane or the like. 

Typically, the hydrocarbon material produced in the 
hydrogen generator includes a paraffin or paraffin- like 
hydrocarbon containing saturated bonds. More typically 
the hydrocarbon is selected from Cl -C ao , preferably from'c 2 - 
C 12 , more preferably C 4 -C 10 , and most preferably C e 
hydrocarbons, including mixtures and combinations of at 
least one or more such materials. 

Typically, the methanol, methane or similar materials 
are a byproduct from the fuel used in the hydrogen 
30 generator, such as the reformer to produce the hydrogen, 
such as for example, being derived from the original 
reformer-based fuel, such as diesel, petrol, canola oil or 
the like. 

Typically, the gaseous blend or mixture produced by 
35 the hydrogen generator contains from 0-50% by volume of 
hydrogen, 30-40% by volume, and preferably 35-38% by 
volume hydrogen. Typically, there is from 0-25% by volume 
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of carbon monoxide, preferably 3-5% by volume, and 
preferably 4-5% by volume carbon monoxide. Even more 
typically, the amount of hydrocarbon material is from 0-5% 
by volume, typically 1-4% by volume, and preferably 2-3% 
by volume. Typically, the amount of carbon dioxide 
produced is from 0-25% by volume, preferably 5-15% by 
volume, and more preferably 3-10% by volume. it is to be 
noted that the balance of any gaseous blend or mixture 
produced by the hydrogen generator is nitrogen, methanol, 
or other gases as required or desired depending upon 
circumstances. The gas blend is chosen for a range of 
purposes, such as for example the need to eliminate, 
prevent, reduce, minimise or the like pre-ignition within 
the engine. 

Another aspect of the present invention is the 
ability to preselect, predetermine or the like the ratio 
of individual components in the gaseous blend or mixture 
being produced by the hydrogen generator. Depending upon 
the requirements of the engine, the hydrogen generator can 
be operated at selectively adjustable parameters in order 
to provide the optimal amounts of each of the components 
and the ratio of the various components of the gaseous 
blend or mixture to achieve maximum efficiencies of the 
operation of the engine, depending upon a number of 
factors of the engine such as for example, whether in the 
interest of economy, the same amount of power with reduced 
fuel consumption or in the interest of power, producing 
more power for the same fuel consumption. 

Typical parameters of the materials being fed to the 
engine are the gas flows or gas velocities of the various 
components and the overall composition of the mixture of 
components, the temperature at which the hydrogen 
generator is operated, the pressure at which the hydrogen 
generator is operated, the velocity of gas being passed 
through, produced by or formed in the generator, the 
catalyst being used in the generator, the amount of 
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exposure of the reactants to the catalyst, the type of 
hydrogen generator being used or the like. 

It is to be noted that the operating conditions of 
the hydrogen generator are adjustable so that the 
production of certain components can be minimised or 
prevented by operating the system within set parameters or 
amounts. However, it is to be noted also that the 
production of other components can be optimised. 

Typical operating conditions of the reformer which 
catalytically decomposes or cracks heated steam to produce 
hydrogen and oxygen include the following. The reformer 
can be operated at a temperature of from 100°C-1, 000°C, 
typically from 200°C-900<>C, preferably from 220°C-800°C. 

Typically, the pressure of operation of the reformer 
is from 1-5 bar, typically from 1-3 bar and preferably at 
about 2 bar. 

Typically, the reformer can produce any volume or 
amount of gas depending upon the size of the gas generator 
and the application in which the hydrogen assisted 
composition is used. Typical catalysts include platinum, 
nickel or any other suitable catalyst for catalysing the 
reforming of hydrogen from heated steam. 

The present invention will now be described by way of 
example with reference to the accompanying drawings, in 
25 which: 

Figure 1 is a schematic view of one form of the gas 
blend production and supply system and fuel introduction 
system of the present invention; 

Figure 2 is a schematic view of another form of the 
gas blend production supply and use system of the present 
invention . 

In Figure 1 is shown schematically one form of a gas 
supply and use system in accordance with the present 
invention, generally denoted as 2 . This form includes a 
hydrogen generator, for producing a hydrogen -containing 
gas, gas blend or gas mixture containing hydrogen. One 
example of the hydrogen generator is a reformer 10 for 
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producing a reformats gas which contains hydrogen as one 
component. It is to be noted that reformer 10 can take 
any suitable form. In one embodiment, the reformer 10, 
which is sometimes known as a fuel processor, takes the 
form of an open grid of metal through which a stream of 
heated steam 12 is passed. The metal from which the grid 
can be made is a suitable catalyst, such as platinum or 
nickel or the metal may be coated with a coating of a 
suitable catalysing material, such as a nickel or 
platinum-containing compound, or a compound containing 
both nickel and platinum, or any other suitable catalytic 
material for catalysing the production of hydrogen from 
steam or the like. Heat is applied to the incoming heated 
steam 12 optionally in combination with other gases, fuel 
or the like, in the proximity of the catalytic metal 
surface of the reformer 10 so as to catalytically 
decompose the steam to form a hydrogen- containing gas and 
other components or materials, either as required or 
naturally. in one embodiment, a supply of air 14 is 
introduced into reformer 10 as is a supply of reformer 
fuel 16. Typically, the reformer may include a plasma 
device or plasma arc or similar for decomposing or 
cracking the steam and/or other gases and/or fuel into 
hydrogen and the other components. 

Along with hydrogen being produced in the hydrogen 
generator, other gaseous components can also be produced. 

Typical examples of other materials produced in the 
gaseous mixture or blend include nitrogen, carbon dioxide, 
carbon monoxide, methane, ethanol, hydrocarbons or the 
30 like. 

The gaseous mix or blend 18 is discharged from the 
reformer 10 at a temperature of about 600°C, whereupon it 
is passed through a first or main heat exchanger 20, where 
heat is extracted so as to reduce the temperature of the 
35 gas mixture or blend to about 200°C. Optionally, the gas 
blend is passed to a second or auxiliary heat exchanger 22 
where further heat is extracted from the hydrogen gas, 
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blend or mixture so as to reduce the temperature of the 
gas blend even further to below about 100°C, preferably to 
below about 100°C, more preferably to below about 50°C A 
condensate stream 24 formed from the cooling of the gas 
5 blend is returned from heat exchanger 22 to a water supply 
vessel 26, reservoir or similar, water or condensate from 
water supply vessel 26 is passed through a third heat 
exchanger 28 to heat a mixture of the water condensate and 
fresh water 30 from vessel 26 to form steam for supply to 
10 the reformer 10 as the steam supply 12 so as to assist in 
the efficiency of operation of the hydrogen generator 10. 

The gas blend or mix 18 now at 200°C is passed to a 
first inlet 32 of engine 34. Air 36 is admitted to the 
engine 34 through inlet 32 as well. m one embodiment, 
15 the reformate gas 18 is introduced to the air supply line 
38 through inlet 40 where it is mixed with the incoming 
axr 36 before being introduced into engine 34 through 
xnlet 32. Fuel, in the form of diesel or similar, is 
admitted to the engine 34 through a further injection 
20 xnlet 42. The gaseous blend containing hydrogen and the 
axr mixture introduced through inlet 32 and the fuel is 
mixed within the engine prior to combustion, to operate 
the engine. After combustion, the combusted products are 
discharged from engine 34 through exhaust stream 44 as hot 
25 exhaust gases. 

In one embodiment, the heated exhaust gases in 
exhaust stream 44 are passed to heat exchanger 28 where 
heat is transferred to the incoming water supply 30 to 
form steam for supply as the steam 12 to reformer 10. The 
30 cooled exhaust gases are then vented to atmosphere as 
cooled exhaust gas stream 46. 

A further embodiment of the present invention is 
shown schematically in Figure 2 . This embodiment has a 
mxxing chamber or similar which is absent in the 
35 embodiment of Figure 1. 

In the embodiment shown in Figure 2, the same 
reference numerals will be used to identify the same or 
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similar corresponding features of Figure 1. The for*, of 
:." 4 BUPPly ^ — ~ 3 is generally denoted 

This system is the same as that described with 
respect to Figure 1 apart from having an additional mixing 
chamber or xdxer SO connected to the air intake supply 
line 38 of engine 34. m this embodiment, the refoLate 
stream containing hydrogen and other components is 
conveyed from heat exchanger 22 to a first inlet 62 of 

^,rr ~ — « 60 *° - the gas blend into 

mixer 60. Alr supply 36 is passed through air supply line 
38 for introduction through inlet 64 into mixer 60 A 

of"e:Ln:r ly d llne 66 is provided £ ° r * . 

All of the components of the gas blend 18. air 36. water 
and methanol 68 and any other materials added to ^ ~ 
are mixed » „ixer 60 before being introduced into engine 
34 through inlet 72 for mixing with fuel 42 prior to 
combustion to operate engine 34. It is to be noted that 
the gas mxxture and air. together with other components of 

obta \r XtUre ' " e miMd ta *— i-d amounts to 
obtain the reguired ratios in accordance with the 
retirements of the engine. Further, it is to be noted 
veTocily air ls ^^uced at a constant 

msthod°of £UrUler OTb ° dll ° e " ° £ apparatus and 

method of the present invention, the hydrogen generator 10 
is provided with suitable control means for adjusti^glne 
operating conditions so as to produce preselected or 
predetermined amounts of each of the components of the 

clTrV 38 ' blMd ^ miXtUre - hyd ~*- orator 

Individ T" t0 Pr0dU " ^ ratl °" ° f ««* "t the 
individual components as desired. 

The advantage of the present invention is that pure 
or substantially pure hydrogen is not retired for 
efficxent hydrogen- assisted combustion. This leads to a 
.reat saving in time, effort and expense in not havi^ to 
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remove contaminating material from the hydrogen gas p rior 
to introduction into the engine or for 

_ , . . . engine or for hydrogen assisted 

combustion within the engine, xt is estimated that 
savings of up to 50 times the current cost of producing 
5 hydrogen can be achievsd by using th. hydrogon in 

combination with other materials, particularly the other 
materials produced during the hydrogen gas generation, 
byproducts of the reaction in the reformer. Such 

0 ZTn. Pr ° d r ed blSnd " '° 1X ~ be "W"- to the 

0 engine in combination with the hydrogen in a single feed 

line or through a single inlet without having to tranche 
normally produced ^ fco ^ «*- 

in some embodiments of the present invention, the 
hydrogen gas can be fed directly into the compression 

IT T° Ut haVlD9 t0 — Xn oL 
embodiments the gas can be fed indirectly into the engine 
by passxng through an intermediate component, such as IT 
example, a m«er to improve the efficiency of combustion. 
D Hi „T advanta 3<» ° f «*• P«sent invention is that 

0 the hydrogen generator can be operated under a wide 

oTalff ° £ di " erent OOTdi "°- >° « wide variety 

oL bl T T"*" "* °* components in the 

gas blend or mixture in accordance with th. retirements 
of the partxcular end use. such as for example, in 
- accordance with the size, type a» a speed of the 

compression engine and the reguirements of the engine, 
whether economical operation or the d.v.lopment of 
increased power. 

that T" adVMta3SS ° f th » * invention include 

that there are fuel savings to be had, that increased 
power is available and the exhaust emissions are reduced, 
exo, + . arrangement has been advanced by 

explanation and many modifications may be made without 

includes 3 SPirlt -* SO ° Pe ° f tha *«~» ""oh 

includes every novel feature and novel combination of 

features herein disclosed. 

Those skilled in th. art will appreciate that th. 
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invention described herein is susceptible to variations 
and modifications other than those specifically described 
It is understood that the invention includes all such 
variations and modifications which fall within the spirit 
5 and scope . 



